Introduction
Public open spaces are considered one of the basic elements of urban morphology (Palmer & Thérond, 2012) . They are important parts of the urban landscape and should be conceived as "outdoor rooms" within its neighborhood (Rogers & Urban Task Force, 1999) . Due to the increasing awareness about urban sustainability, it is not unusual to have greenery and trees inside public open spaces. These spaces, commonly known as green open spaces (GOS), can provide social, ecological and economic benefits to both individuals and public.
For society, GOS could be regarded as a sort of urban oasis to escape from traffic, noise and pollution of cities (Chiesura, 2004) . Places such as urban parks were considered locations for meeting strangers (Thompson, 2002) . GOS could even render esthetic enjoyment for individuals (Zhou & Parves Rana, 2012) . Previous studies also showed that GOS could help to promote health and well-being of individuals (Maas et al., 2006) . Easy access to GOS such as parks could help to increase the level of walking and physical activities of individuals (Giles-Corti et al., 2005) , which would in turn enhance physical health. Positive correlation was suggested between risk of stroke mortality and low exposure to green spaces (Hu et al., 2008) . GOS also possessed the capability of stress restoration for human beings (Grahn & Stigsdotter, 2010) . Ecologically, GOS could help to regulate urban micro-climate and mitigate urban heat island effects and air pollution (Whitford et al., 2001 (Morancho, 2003) .
Because of the multiple benefits of GOS, more efforts should be put on optimizing the design of these spaces. Regarding the design of urban spaces, there has been an increasing number of studies which explored the feasibility of applying parametric design models in the field of urban design. There are four main advantages for applying parametric urban design models. They are 1) Capacity to quickly generate large generic design; 2) Capacity to add detailing in the early stages of design with little effort; 3) Maintaining the model's 'intelligence' throughout different stages of design; and 4) Facilitating easy testing by changing parameter settings (Steinø & Obeling, 2013) . To this end, extensive efforts have been devoted to developing methodologies and models for parametric urban design. There were studies which focused on identifying the parameters for parametric urban design models (Beirão & Duarte, 2009 ). Efforts have also been put on developing algorithm to organize street network in cities (Schneider et al., 2011) . Besides, there have been attempts to reveal the possibility of utilizing parametric urban design models for large scale urban planning projects . Although promising results were delivered in previous studies, the parameters for designing GOS were still unknown. Even worse, no attempt has yet been made to investigate the possibility of applying parametric design for individual public open spaces. As a result, it will be of paramount importance to develop a parametric design model for GOS design.
Accordingly, it is of the main interest in this study to develop a parametric model for designing GOS. The current study also aims at identifying the parameters for such parametric model. Another objective of this study is to investigate the methodology for developing a parametric model for GOS design.
Parametric model for GOS design
Conceptually, the parametric model for GOS design can be expressed by means of a mathematical function:
In this function, Z is the final design output of the model. xi's are the parameters and C is the collection of site conditions / constraints adapted in the parametric model. f is a function describing the relationship among various parameters. g is a function describing the relationship of various site conditions / constraints. F is a function describing the relationship among parameters and site conditions / constraints. m is the total number of parameters. It can be seen that the function is mainly formed by two parts, namely the site conditions / constraints and the parameters. It would be vital to define these two parts in order to successfully develop a parametric model for GOS design.
Design attributes for GOS design
Various design attributes could be included in the parametric model. In a study by Lo et al. (2003) , extensive literature review has been performed and a total of 23 attributes which would affect GOS design were identified. However, these attributes were mainly related to the internal design of GOS. Attributes related to the immediate surroundings and geometries of the open spaces were not revealed. Besides, the relationship of hard and soft surfaces, as well as the internal connections in the open spaces were not considered. When it comes to the environmental performance of GOS, attributes revealed in the study were mainly related to thermal performance. Acoustic comfort, which should also be an important factor, was not considered. As a result, attributes related to the surroundings, hard-soft surface relationship, internal connections and acoustic comfort of open spaces were appended to these original 23 attributes. Table 1 shows a list of these attributes.
Model development

Definition of virtual site and attributes included in the model
Ideally, it would be desirable to develop a model which can adapt to different site conditions. Different geometries, sizes and immediate surrounding conditions should be able to be modified in the model. However, as a pilot study, it has been decided to treat these site conditions as constants in the parametric model. As a result, a virtual site for the model was defined. There were a number of pre-defined conditions which were related to the virtual site. These pre-defined conditions were mostly derived from a brief survey of 19 open spaces in Krasnoyarsk, Russia. Firstly, it was assumed that the open space to be designed was in the shape of a square with dimension 50m x 50m. Second, the site was enclosed in three sides by buildings, which means that one side of the open space was facing a street. Third, there was only one entrance from each building to the open space. Figure 1 shows the pre-defined conditions set for the virtual site.
Due to the limitation in resources in this study, only five attributes which were considered the most essential and foundamental for GOS design listed in Table 1 were included in the parametric model. They are the number and distribution of trees, the relationship between hard and soft (greenery) surfaces, the entrance point from the street to the open space, the entrances from buildings, and the path connections between the entrances. As a model for GOS design would be developed, it would be important to first of all consider the trees in the space. There were some constraints when distributing the trees. It was assumed that trees would not be planted on hard surfaces. There would only be trees on soft surfaces. It was also assumed that trees should be placed at least 3 m from the buildings. This was to prevent trees to be distributed right at the edges of the buildings. Trees in the model were of three different sizes. They were big, middle sized and small trees. Besides, there could be paths (internal connections) among all the entrances. Only the shortest paths among the entrances would be generated as model output. Table 2 summarizes the attributes included in the parametric design model.
Software tool
A number of criteria were identified when choosing the software tool for developing the parametric models. First of all, the operation of the model should be intuitive. No programming skills should be needed when using the model. To this end, a graphical user interface (GUI) would be preferred. Besides, it would be preferable if no special software is needed when using the model. Moreover, the model should be able to be accessed easily on the internet. This is considered vital as this will mean that designers can access to the model virtually anywhere and anytime. Although there are quite a number of powerful software tools (such as Grasshopper for Rhino 3D and Autodesk Maya MEL) for parametric model development, they all share a common drawback that the model created by these tools cannot be accessed on the internet. As a result, it has been determined that developing an online model would be the best option. PHP, which is a web programming language, and threejs javascript framework were combined to develop the model in this study. th ISUF International Conference 27 th -29 th September 2017 VALENCIA
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Parameters and structure of the model
Although it has been determined that attributes listed in Table 2 should be included in the parametric model, they were not the parameters themselves. As a result, it would be vital to define the parameters based on the attributes included. The values of the parameters should be modifiable when using the model. The change of value of a parameter would affect the results generated by the model. Table 3 shows the parameters the model. The structure of the model and the flow of generating the final design output are shown in Figure 2 and 3. Distinct points of distance interval 1m were defined in the site. There were in total 51 x 51 = 2601 points. These points could be defined as hard or soft (green). Positions of trees would also be at some of these points. The first layer of parameters which was defined in the model were the number and distribution of trees. The trees were basically distributed in the open space with a random function. The second layer of information deployed were the green surfaces in the site. There would be green surface within a certain diameter of a tree. The diameters could be modified individually for the three types of trees in the model. On the other hand, the force field of the entrance points would affect the diameter of hard surfaces around the entrances.
In reality, the power of the force field could be due to the density of people around the entrance points, connections to important amenities outside the site and so on. For example, the power of the force field could be higher if there was a bus stop at the entrance point of the site. In this study, however, the reason for having a particular power of force field was not considered. It would be the decision of the designers to play with different values of power of force field when exploring design options. It was assumed that the power of the force field followed the inverse-square law. The power of it became weaker when the distance between a particular point in the space and the entrance point was longer. Depending on the power, the force field could override some areas of green surfaces and make it become hard surface. The resultants of force fields of the entrance points and the green surfaces governed by the distribution of trees would be the distribution of hard and soft surfaces in the open space. The paths among the entrances were defined by A* algorithm, which is an algorithm to search for the shortest path between two points. There could 
Discussions and conclusion
In this study, the parameters for a parametric model to design GOS were identified. They included, but not limited to, number and distribution of trees, diameter of soft surfaces surrounding trees, positions and force fields of entrance points, paths connecting the entrance points, as well as trees along the paths. Although the number of parameters included were limited in this study, they were considered the most basic and essential parameters for a parametric model for GOS design. Besides, a structure of the parametric model was proposed. The distribution of trees would firstly be defined. With both tree distribution and the entrance points, the relationship between hard and soft surfaces would be defined. Meanwhile, the path connecting the entrance points would be defined according to the positions of the entrance points. Lastly, trees along these paths would be generated. It should also be noted that the approach in this study has to be further explored. As per the current model, the conditions and constraints of the site could not be modified. This could limit the application of the model in real sites. Consequently, it would be desirable to make the model more flexible in a way that the site conditions and constraints can be input. It is recommended that conditions such as size and geometry of the site could be modifiable within the GUI in future studies. Another weakness of the current model is that trees were distributed with a random function. A more solid mathematical function could be defined for tree distribution in future studies. For instance, tree distribution could be related to the building enclosing the open space, or the shadow projected by the buildings. Nonetheless, the model in this study should have laid a solid foundation for future development of parametric GOS design.
